Summary. A feeding experiment was conducted on rainbow trout broodstock for one year to investigate the influence of the quality of dietary lipids on egg and fry fatty acid composition, embryonic development and hatching efficiency. The broodstock were fed either a commercial control diet or a (n-3) fatty acid-deficient diet ; their liver, eggs and fry were analysed to determine the fatty acid composition of their neutral and polar lipids. The fatty acid pattern in liver, eggs and fry was markedly different due to the qualitative difference of the dietary lipids. The most striking difference was the low amount of 22:6 (n-3) and the high levels of 20:4 (n-6) and 22:5 (n-6) in phospholipids of fish receiving the (n-3)-deficient diet containing a high level of 18:2 (n-6). While fertilization efficiency was equivalent in the first two days of development, whatever the diet, two peaks of mortality were observed, one at day 8 and the other at day 22 after fertilization, during the time the eggs produced by the deficient fish were incubated. A shorter period of vitellus resorption (50 vs 65 day) was observed in (n-3)-deficient alevins as compared to controls.
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Morphological study of the development of the (n-3)-deficient embryos showed some cleavage disorders at the 16 to 32-cell stage, a blocking effect before gastrulation, and later various alterations in organogenesis. It was concluded that (n-3) fatty acids, and especially 22:6 (n-3), play a crucial and specific role in trout embryo development. These fatty acids could be involved in cellular recognition processes through their oxygenated derivatives. The need for long-term nutritional deficiency to induce the reported biochemical and physiological alterations is discussed.
Introduction.
Extensive dietary studies have shown the essentiality and requirement of (n-3) fatty acids in rainbow trout. Castell et al. (1972a,b,c) described several deficiency symptoms and physiological changes leading to the concept that the linolenic acid familty is essential to trout. Early biochemical studies combined with growth and mortality observations (Lee et al., 1967) (Yu and Sinnhuber, 1972 , 1976 Watanabe et al., 1974a,b) Watanabe, 1976, 1977 ; Yu and Sinnhuber, 1972 ). In addition to growth studies, data on the physiological symptoms of EFA deficiency in trout include several processes such as necrosis of caudal fins, dermal depigmentation, increased water content, shock syndrome, increased mitochondrial swelling and heart myopathy . In contrast, the demonstration of the role of lipids in the reproductive physiology of fish has received little attention. While it was shown that docosahexaenoic acid (22:6 n-3) tends to be selectively retained in trout fry (Hayes et al., 1973 ; Atchison, 1975) , linolenic acid, as a sole lipid source for 34 months, was shown to sustain normal growth and reproduction in this species (Yu et al., 1979) . In carp, Shimma et al. (1977) reported a relationship between hatchability and the proportion of 22:6 (n-3) in egg lipids. Watanabe (1982) (Flanzy et al., 1976) . Peak areas were determined by the in-line Perkin-Elmer Sigma 10 chart integrator.
Approximately 1 000 to 2 000 eggs from each female were fertilized in a diluent solution at pH 9.5 containing 95 mM NaCI, 20 mM tris buffer and 50 mM glycine (10 ml of solution for 100 !I of sperm) ; they were incubated in the dark in separate rearing tanks at 11 ± 0.5 °C in air-saturated water. Fafty acid distribution in liver lipids. The influence of dietary fatty acids on the fatty acid composition of the liver is shown in table 2. A higher proportion of (n-3) fatty acids was found in the neutral and polar lipids with the control diet than with the (n-3)-deficient diet. The level of 22:6 (n-3) fatty acids in polar lipids of trout fed diet C was particularly high compared to that of trout fed diet D (23.9 vs 5.0 %, respectively), and the level of (n-6) fatty acids (18:2 and 20:4 in polar and neutral lipids) was lower. In polar lipids of trout fed diet C, the percentages of highly polyunsaturated fatty acids (HPUFA) ( * ), compared to total polyunsaturated fatty acids, were 95 and 67 % for the (n-3) and (n-6) series, respectively. They were 82 and 62 % with the (n-3)-deficient diet and thus higher for the (n-3) than for the (n-6) series. The lower efficiency of the bioconversion system with the (n-6) series could be due to the high dietary content of 18:2 (n-6), leading to an overloading of the enzyme system or, more likely, to a higher affinity of A6 desaturase (the first desaturase involved in bioconversion) for the most unsaturated fatty acid (18:3 n-3 vs 18:2 n-6), as described in mammals (Brenner, 19711. ) .
Preferential incorporation and bioconversion of ingested (n-3) fatty acids have already been observed in trout Sinnhuber, 1975, 1976 ; Lee et al., 1967 ; Watanabe, 1982 ; L6ger et al., 1981a) . Similar compositions of polar lipids have been seen in the liver of rainbow trout fed a commercial diet (Watanabe et a/., 1984a), but higher (n-3)/n-6) ratios were observed when only 18-3 (n-3) or (n-3) HPUFA was incorporated into the basal diets (Takeuchi and Watanabe, 1982 ; Castell et al., 1972a) . It is noteworthy that the decrease of (n-3) fatty acids, and particularly of 20:5 (n-3) and 22:6 (n-3), in vitellogenin and lipoprotein phospholipids is more pronounced with a (n-3)-deficient diet given for three months than with the same diets given for six months, suggesting that adaptation to the deficient diet occurred during the last three months (Frémont et al., 1984) .
The percentage of (n-6) fatty acids in liver neutral lipids was like that of polar lipids but the percentage of (n-6) HPUFA was lower. On the other hand, these lipids contained a lower percentage of (n-3) fatty acids, especially of 22:6 (n-3), reflecting the specific affinities of the various acyltransferases prevailing in glyceride and phospholipid metabolisms (Léger and Frémont, 1980) .
The high level of 20:4 (n-6) and the unusual presence of 22:5 (n-6) in the phospholipids of trout receiving diet D can be explained. In the absence of dietary (n-3) fatty acids, there is no competitive inhibition of (n-6) fatty acid bioconversion (Brenner, 1971) , and the high dietary content of the (n-6) series precursor led to an increase in the (n-6) HPUFA level, particularly that of 22:5 (n-6) resulting from the bioconversion of 18:2 (n-6) by elongase and A6, A5 and A4-desaturases. Finally, the phospholipids were selectively enriched by the most unsaturated fatty acids regardless of fatty acid series, as reported in rats (Tinoco et al., 19781. It is noteworthy that the low bioconversion of 20:4 (n-6) into 22:5 (n-6) with diet D, compared to that of 20:5 (n-3) into 22:6 (n-3) with diet C, indicated the particularly low affinity of A4-desaturase in trout liver for the (n-6) series vs a high affinity for the (n-3) series. This difference was not detected when very young fish were fed (Yu and Sinnhuber, 1975 ; Takeuchi and Watanabe, 1982) , but not enough biochemical studies have been carried out on this important enzyme step to permit further discussion.
As previously observed Sinnhuber, 1975, 1976) , trout fed the (n-3) EFA-deficient diet contained (n-6) fatty acids did not synthesize the unusual polyenoic acid 20:3 (n-9). Thus the index of 20:3 (n-9)/20:4 (n-6), used in mammals (Holman, 1970) for demonstrating (n-6) EFA deficiency, obviously cannot be applied to (n-3)-deficient trout. Neither can the ratio of 20:3 (n-9)/22:6 (n-3) proposed by Castell et al. (1972a) , as it fails to take into account the (n-6) series as well as the 20:5 (n-3) which, in the (n-3) series, is the counterpart of 20:3 (n-9) and 20:4 (n-6) in the (n-9) and (n-6) series, respectively. The trout equivalent of the mammal index for (n-3) deficiency would be :
This index is lower than 0.5 for liver polar and neutral lipids in control fish and between 6 and 12 in (n-3) The (n-3) fatty acid-deficient diet had a strongly depressive effect on the (n-3) fatty acid content of eggs which was of the same order as in the liver. In contrast, half of the neutral and polar lipid fatty acids belonged to the (n-6) series.
(n-6) fatty acid distribution was similar to that in the liver, the 20:4 (n-6) and the 18:2 (n-6) fatty acid contents representing 40 % of the (n-6) series in polar and neutral lipids, respectively. However, the levels of 18:2 (n-6) were higher in the neutral lipids of eggs than in those of liver (25.8 vs 16.7 %1. In control and (n-3) fatty acid-deficient fish, neutral lipids were characterized by a lower amount of saturated and (n-3) fatty acids and a higher amount of (n-9) and (n-7) fatty acids than polar lipids. Similar results were reported by Watanabe et al. (1978) (table 6) shows, among the main changes occurring in the fatty acid composition of polar lipids throughout egg development, a tendency for 22:6 (n-3) and 22:5 (n-6) to be preferentially retained in fry originating from the trout fed diets C and D, respectively. Similar conclusions concerning 22:6 (n-3) and 16:0 in developing eggs and fry were formulated by Hayes et al. (1973) , Ando (1968) and Atchison (1975) . 22:3 (n-3) seemed to have a special role in normal fish during development and 22:5 (n-6) in (n-3)-deficient animals. It should be noted that the sum of 20:4 (n-6), 22:5 (n-6) and 22:6 (n-3) was similar (about 40 %) in fry from trout fed either the deficient or the non-deficient diet.
Effects of essential fatty acid deficiency on incubation progress and on embryonic deve%pment.
Results concerning the incubation of seven lots of eggs are summarized in table 7 . The values fluctuated whatever the origin of the eggs, but eggs originating from fish fed diet D tended to show decreased hatchability.
The progress of incubation in a typical control fish is presented in figure 1 and in four (n-3) fatty acid-deficient fish in figure 2. Fertilization efficiency was equivalent and mortality rate was negligible during the first two days that deficient and non-deficient eggs were developing. However, mortality was first observed in the deficient eggs 6 days after fertilization. Each lot was affected differently by (n-3) fatty acid deficiency. In lot 5, which was the least resistant, mortality rate was 96 % at day 11 and reached 100 % at day 22. In lot 4, which was the least affected, mortality rate was 36 % at hatching time and progressed during the following weeks. Subsequent fry feeding with the (n-3) fatty acid-deficient diet resulted in a high mortality rate (29 % survival 109 days after first food intake), whereas no control fry died during the same period. In lots 6 and 7, which showed intermediate resistance, the mortality rate increased considerably from day 21-22 after fertilization and fry survival was very low after hatching.
Extensive anomalies were observed at the end of development ( fig. 3 ). Numerous fish larvae showed various kinds of body deformation (curled and helicoidal shapes) and lived until vitellus resorption. Similar effects, recorded by Watanabe (1982) in trout, were prevented by a supplement of (n-3) fatty acids in the broodstock diet. (n-3) fatty acid deficiency can prolong egg development, increasing the time up to hatching by 5 days, whereas the vitellus is resorbed much earlier than in control eggs ( fig. 4, A5 ) led to abnormal morulae ( fig. 4, B5) and to further interruption at the blastula stage (fig. 4, C5) . In lot 4 eggs, similar alterations were seen ( fig. 4, B4 ) which led to a disarrangement detected at the epiboly stage ( fig. 4, D4) . Thus, (n-3) fatty acid deficiency could induce early disorders in cellular association.
Disorders observed later (blocking effect before gastrulation or anarchical organogenesis) strengthen the notion that (n-3) fatty acid deficiency acts on the processes of cellular mobility and recognition. It can be concluded that this nutritional deficiency in female trout greatly affects embryonic and larval development, as previously shown in trout (Watanabe, 1982 ; Watanabe et al., 1984c) and red sea bream (Watanabe et al., 1984a,b) . However, the incidence of high amounts (5.4 %) of linoleic acid in the (n-3)-deficient diet on early developmental stages cannot be excluded as it has already been reported by Yu and Sinnhuber (1976) that the growth of 0.6 g trout was depressed by high dietary levels (2.5 or 5 %) of this fatty acid.
The (n-3) series, especially 22:6 (n-3), probably plays a crucial and specific role in trout reproductive and developmental processes. The functions of the (n-3) series may be related to membrane fluidity and permeability, membrane-bound enzyme activities or the synthesis of oxygenated cyclic and non-cyclic derivatives (Tinoco, 1982) . Precursors of oxygenated hormone-like compounds belong to the (n-6) or (n-3) series. Recent works show that prostaglandin-related compounds are formed from 20:5 (n-3) (Fisher and Weber, 1984 ; Tinoco, 1982) and that 20:5 (n-3) and 22:6 (n-3) could be the precursors of hydroxy fatty acids (Boukhchache and Lagarde, 1982 ; Aveldano and Sprecher, 1983) . These compounds might act as modulators or mediators in various physiological events, especially in the processes of cellular recognition occurring during embryonic development.
The absence of changes in the quality of the eggs produced by trout fed ethyl linoleate for three months before spawning (Watanabe et al., 1984c) is likely related to the high level of (n-3) fatty acids remaining in the egg polar lipids (19 vs 34.5 % in control fish). Similar changes in egg composition were observed by Léger et al. (1981b) after feeding adult trout a (n-3) fatty acid-deficient diet three months before the spawning period. It can be concluded that only a long period of (n-3) fatty acid deficiency, one year before spawning in this study, 6 months according to Watanabe (1982) , is able to deeply alter egg lipids and affect embryonic development. In contrast, it is not clear why a negative effect on egg incubation-was reported in trout, although no changes were observed in the liver and egg polar lipid composition (Watanabe et al., 1984c) . Furthermore, our results show that early (n-3) fatty acid deficiency caused a high larval mortality, as reported by Lee et al. (1967) and Yu and Sinnhuber (1975) Nous pouvons en conclure que les acides gras (n-3) et particulièrement les acides gras 22:6 (n-3) jouent un rôle prépondérant dans le développement embryonnaire de la truite.
